Geothermal Cementing - The State of the Art by Shryock, S. H. & Smith, D. K.
GEOTHERMAL CEMENTING - THE STATE OF THE ART 
Stanley H. Shryock and Dwight K. Smith 
Haliiburton Servfces 
Unltod States 
ABSTRACT 
Much emphasis today is  being placed on t h e  d r i l l i n g  and completion of 
steam w e l l s .  Success or f a i l u r e  depends g r e a t l y  on t h e  cementing pro- 
cess, w h i c h  r equ i r e s  not on ly  t h e  s e l e c t i o n  of competent and durable 
materials b u t  also the complete understanding of placement techniques 
Immobile muds, crooked holes, lost c i r c u l a t i o n ,  poor c e n t r a l i z a t i o n ,  
and t h e  i n a b i l i t y  t o  move pipe are some of the  m a j o r  a r e a s  which con- 
t r i b u t e  to  good or bad r e s u l t s .  
T h i s  p re sen ta t ion  covers  a " s t a t e  of t h e  a o f  t h e  var ious  tech- 
niques,  materials, and equipnent being used cementing steam w e l l s  
i n  the United States and Mexico. Two new teo-hniques which a id  i n  
achieving f u l l  ho le  coverage and i n  s e a l i n g  lost c i r c u l a t i o n  zones 
during cementing are highl ighted.  
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INTRODUCTION 
D r i l l i n g  and cementing techniques a s soc ia t ed  w i t h  t h e  u completion of over  2 .0  mi l l i on  o i l  w e l l s  i n  North America have been adapted f o r  use i n  many types of wel lbores  d r i l l e d  
f o r  w a t e r  w e l l s ,  waste-disposal w e l l s ,  mine s h a f t s ,  and steam- 
producing w e l l s  1 1 1 -  
A l l  t hese  holes  are f a i r l y  shallow and r a r e l y  exceeding 
6 ,000  feet except  those d r i l l e d  as steam-producing w e l l s .  
I n  steam w e l l s ,  wellbore and formation condi t ions  are f a r  
more severe and unusual, t he re fo re ,  both cas ing  and cementing 
programs mus t  be c a r e f u l l y  planned. 
D r i l l i n g  techniques and cementing materials used f o r  
deep, h o t  o i l  w e l l s  where temperatures range upward t o  500 F 
have made it poss ib l e  t o  cement shallower geothermal steam 
w e l l s  having s ta t ic  bottom-hole temperatures i n  excess  of 
600°F. ' The h o t t e s t  of t hese  w e l l s  have been d r i l l e d  i n  t h e  
Sa l ton  Sea a rea  of Ca l i fo rn ia  and i n  northern Mexico t o  
depths i n  excess of 8,000 f e e t  f o r  t he  recovery of steam to  
power electric genera tors .  Steam w e l l s  have also been d r i l l e d  
for the  opera t ion  of s t e a m  genera tors  to produce electrical 
power i n  Iceland,  I t a l y ,  New Zealand, Japan, Ph i l ipp ines ,  and 
o t h e r  p a r t s  of t he  world where l a r g e  q u a n t i t i e s  of geothermal 
energy are found a t  shallow depths .  One of the  m o s t  publi-  
c ized  steam-recovery p r o j e c t s  ou t s ide  t h e  U . S .  i s  t h e  Wairakei 
p r o j e c t  i n  New Zealand and t h e  steam areas of  northern 
I t a l y  [2-81. 
Steam recovery p r o j e c t s  w e r e  i n s t i t u t e d  i n  the U . S .  as 
e a r l y  as 1920 near San Francisco. Severa l  hundred w e l l s  have 
been d r i l l e d  t h e r e  s i n c e  1957. These steam w e l l s  r ep resen t  
some of t h e  h o t t e s t  and deepes t  steam depos i t s  found anywhgre 
i n  t h e  world. The t e m p e r a t u r e  g rad ien t  - approximately 13 F 
per  100 f t .  of depth - imposes r a t h e r  unusual demands on 
d r i l l i n g  muds, cas ing ,  and cement used t o  bond the cas ing  t o  
t h e  formation. 
t u r e  and undergoes creep o r  e longat ion  by thermal expansion 
unless  cemented t o  sur face .  Some of the e a r l i e r  w e l l s  d r i l l ed  
f o r  the  recovery of geothermal steam used cas ing  designed 
e s p e c i a l l y  t o  withstand high temperatures [ 4 , 7 1 .  For la ter  
w e l l s ,  however, s tandard o i l f i e l d  cas ing  wi th  s p e c i a l  t h reads  
have been found s a t i s f a c t o r y ,  p a r t i c u l a r l y  when cas ing  w a s  
success fu l ly  cemented t o  sur face .  
Casing i n  steam w e l l s  i s  a f f e c t e d  by t e m p e r a -  
Because of t h e  extremely high temperatures i n  steam 
w e l l s ,  d r i l l i n g  mud must be passed through cool ing towers 
and c i r c u l a t e d  back i n t o  t h e  w e l l  t o  reduce bottom-hole 
c i r c u l a t i o n  temperatures as much as poss ib l e  before  cementing. 
Cement should be c i r c u l a t e d  t o  t h e  su r face  on every s t r i n g  of 
pipe t o  reduce buckling and minimize  cas ing  c reep ,  Also, t h e  
cement must be placed i n  such a way t h a t  t h e  pipe cannot be 
blown o u t  of t he  hole  i n  some steam areas. 
u 
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BASIC CEMENTING CONSIDERATIONS 
.In cementing cas ings ,  t h e  objective i s  t o  provide a '  
complete f i l l - u p  of  cement i n  t h e  cas ing  hole  annulus t o  
resist s p e c i f i c  environinental condi t ionsiand anchor t h e  
cas ings  f i rmly  t o  the  ground and t o  each o t h e r .  The hard- 
ened cement shea th  must p r o t e c t  t h e  cas ing  a g a i n s t  poss ib l e  
corrosion by thermal b r i n e s  and gases and prevent  t h e  uncon- 
trolled f l o w  of  thermal water and steam ou t s ide  the cas ing  
[9-101 Figure 1. 
bJ 
The depths  a t  which each cas ing  s t r i n g  i s  t o  be set is  
inf luenced  by geologica l  condi t ions  encountered and t o t a l  
depth t o  which t h e  w e l l  is  t o  be d r i l l e d .  These programs 
vary,  p a r t i c u l a r l y  f o r  those cas ing  s t r i n g s  below t h e  
su r face  cas ing  the  l a t te r  of which are c o n t r o l l e d  i n  some 
areas by r egu la to ry  bodies.  The diameters of t h e  holes  
d r i l l ed  to  r ece ive  the  r e spec t ive  cas ings  should be such 
t h a t  a t  least  1-1/2 inches th ickness  of cement surrounds 
t h e  casing.  I f  t h e  annular  space i s  too wide, it can r e s u l t  
i n  d i f f i c u l t y  i n  ob ta in ing  good cas ing  c e n t r a l i z a t i o n  which 
may cause channeling of  t h e  cement during placement. When 
l i n e r s  are run and cemented, t h i s  annular  space may be 
reduced t o  3/4 inches.  Typical l i ne r -ho le  combinations such 
as 7" l i n e r  i n  8-5/8" hole  have proven to  be success fu l  111,121 
Figure 2.  
I n  geothermal d r i l l i n g ,  t h e  major d i f f i c u l t i e s  i n  t h e  
cementing opera t ions  arise from high temperature 
c i r c u l a t i o n  zones and contamination of  t h e  cement' s l u r r y  
with d r i l l i n g  f l u i d s .  The best way t o  overcome these  d i f f i -  
c u l t i e s  i s  to diagnose and combat them as they arise using 
whatever techniques and materials are deemed necessary.  
Although t h i s  does n o t  sound d i f f i c u l t ,  one w i l l  f i n d  t h a t  
too o f t e n  it becomes q u i t e  d i f f i c u l t  as a r e s u l t  of poor 
planning and then over reac t ing .  
High temperatures are expected and usua l ly  planned on. 
Some cementing compositions may e x h i b i t  a s a t i s f a c t o r y  com-  
p re s s ive  s t r e n g t h  when f i r s t  set, b u t  w i l l  begin r a p i d l y  t o  
lose t h i s  s t rengthwhen con t inua l ly  exposed to  high w e l l  
temperatures [13, 1 4 ,  151. As t h e  compressive s t r e n g t h  
r e t r o g r e s s e s ,  cement permeabi l i ty  w i l l  i nc rease  u n t i l  t h e  
cement column may no longer  prevent  communication or  flow 
of thermal waters  between zones. 
. .  
Cements e x h i b i t i n g  s t r e n g t h  r e t rog res s ion  have been 
found t o  con ta in  t w o  hydrat ion products;  calcium hydroxide 
and di-calcium s i l i c a t e  alpha-hydrate i 
toge ther  and s o m e t i m e s  s i n g u l a r l y ,  depending 8n temperature 
and t i m e .  This.begins a t  temperatures of 230 F and accelerates 
as temperatures increase. .  The process of using s i l i c a  f l o u r  
These products  appear 
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i n  concent ra t ions  of 30-80 percent  by weight of t he  cement has 
provided a means of overcoming t h i s ,  
added t o  t h e  cement, a po r t ion  of it r e a c t s  wi th  t h e  calcium 
hydroxide t o  f o r m  di-calcium s i l i c a t e  alpha-hydrate,  The 
remaining s i l i ca  reacts with t h e  alpha-hydrates t o  form 
tobermorite.  Tobermorite has  a b e t t e r  cementing phase than 
alpha-hydrated di-calcium s i l i c a t e  and t h e r e f o r e  b r ings  about 
t h e  des i r ed  improvements f o r  high r e s i s t a n c e  i n  h o t  w e l l s  
[13, 1 4 ,  151. 
Cement samples taken f r o m  t h e  annulus of 13-3/8"-20" 
u When s i l i ca  f l o u r  is  
cas ings  near ly  1 year  a f t e r  completion of t h e  w e l l  have been 
analyzed and found t o  conta in  a l i t e ,  calcium hydroxide, 
k a o l i n i t e ,  qua r t z  and calcite, The reason f o r  these analyses  
w a s  i n  attempt t o  determine the  reasons for f a i l u r e  of the  
13-3/8" casing.  These products  are n o t  what would be expected 
to  f i n d  unless  a high w a t e r  r a t io  f i l l e r  type cement had been 
used i n  preference t o  an API C l a s s  "G" or  "H" cement containing 
s i l i ca  f l o u r .  Fur ther  i n v e s t i g a t i o n s  brought t o  l i g h t  t h a t  
t h i s  w a s  t h e  case and t h e  w e l l  owner has  s i n c e  made changes i n  
h i s  cementing'programs t o  prohibi t  this f r o m  occurr ing  again,  
The apparent  reason for having used t h i s  poor q u a l i t y  c e m e n t  
w a s  t o  reduce the cementing costs. 
The b a s i c  compositions c u r r e n t l y  a v a i l a b l e  for cementing 
cas ings  where temperatures i n  excess  of 230 F i s  API C l a s s  
"G" Cement with 30-80% s i l ica  f l o u r .  Cementing formulations 
of course w i l l  conta in  cement r e t a r d e r s ,  f r i c t i o n  reducers  
and s o m e t i m e s  los t  c i r c u l a t i o n  materials. Table 1. 
TO determine which a d d i t i v e  t o  add t o  t h i s  b a s i c  compo- 
s i t i o n ,  it must be decided w h a t  p r o p e r t i e s  are needed or 
requi red  for  the  wellbore.  The first basic need i s  s u f f i c i e n t  
f l u i d  l i f e ,  commonly referred t o  as th ickening  t i m e ,  t o  p l ace  
the  s l u r r y  i n  the  casing-hole annulus. R e m e m b e r ,  t h i s  cement- 
ing  composition is  prepared a t  atmospheric condi t ions  and then 
subjec ted  t o  temperatures e x i s t i n g  i n  t h e  d r i l l e d  hole which 
may be s e v e r a l  hundred degrees h o t t e r ,  As the  s l u r r y  becomes 
hotter,  it is  also subjected t o  h igher  p re s su res  and contam- 
i n a t i o n  w i t h  f l u i d s  i n  t he  hole. 
products ,  it is necessary t o  add retarders which are designed 
t o  keep the s l u r r y  a f l u i d  fo r  proper placement. 
To either of these  b a s i c  
It is  o f t e n  necessary t o  reduce t h e  d e n s i t y  of the  s l u r r y  
t o  reduce the h y d r o s t a t i c  pressure  or br idge f r a c t u r e s  i n  t h e  
rock t o  c o n t r o l  l o s t  c i r c u l a t i o n .  Weight reduct ion of cement- 
i n g  s l u r r i e s  has h i s t o r i c a l l y  been accomplished by adding more 
w a t e r .  To keep t h i s  w a t e r  from breaking away f r o m  t h e  s l u r r y ,  
it is necessary t o  add some add i t ive  which w i l l  t i e  it up. 
Bentonite,  pozzolan and p e r l i t e s  and t i n y  g l a s s  beads are 
used f o r  t h i s  app l i ca t ion .  Seldom is  it necessary t o  inc rease  
t h e  s l u r r y  dens i ty  t o  conta in  t h e  formation pressures  t o  
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prevent  a b l o w  o u t ,  
or aading a weighting er ia l  i s  used t o  accomplish t h i s ,  
There are many a d d i t i  h ich  can be used wi th  e i t h e r  of 
t h e  basic cements and it would be r a t h e r  d i f f i c u l t  t o  com- 
p l e t e l y  cover a l l  of these  i n  t h i s  p re sen ta t ion  [l]. Table 1. 
C i r c u l a t i n g  cement t o  t h e  su r face  on a l l  cas ing  s t r i n g s  
is  always desirable, Uncemented cas ing  can have uncontrol led 
growth due t o  temperature and i f  it should be caught i n  some 
t i g h t  s p o t  i n  the  hole, it may buckle during i d l e  per iods or 
if allowed t o  cool, it may p u l l  a p a r t  a t  a collar [ l o ] .  
(Figure 3 )  'Where l i n e r s  are run, e s t a b l i s h i n g  f u l l  cement 
f i l l - u p  and a s su r ing  t h e  l a p  i s  proper ly  cemented by a squeeze 
cement job may be necessary.  
Reducing t h e  water w i t h  cement d i s p e r s a n t s  
One could cite many examples of cas ing  f a i l u r e s ,  b l o w  
o u t s ,  cor ros ion  problems and o t h e r  undesirable  facts which 
have and are cont inuing t o  occur  i n  steam w e l l s .  
Q u i t e  o f t e n ,  it is  necessary t o  do plugback cementing 
p r i o r  t o  running cas ing  e i t h e r  f o r  ho le  improvement, los t  
c i r c u l a t i o n  during d r i l l i n g  or change i n  d i r e c t i o n .  This  ' 
has proven t o  be a c o s t l y  opera t ion .  
composition without regard t o  condi t ions  o f t e n  leads t o  
f a igu re .  
400 F i n  5 t o  15  minutes i s  a r a t h e r  severe  shock and can 
be d i sa s t e rous .  There are products and techniques t o  use 
which w i l l  save much money and t i m e .  
Following are var ious  types of completions c u r r e n t l y  
being used f o r  geothermal wells i n  d i f f e r e n t  areas of t h e  
w o r l d .  Figures  4-8. Cementing compositions used on each 
of these may vary s l i g h t l y  b::t gene ra l ly  begin w i t h  b a s i c  
API Class "GI' or "H" Cement with 35-408 s i l i ca  f l o u r  used 
as the temperature inc reases .  
Se l ec t ing  any cementing 
Subject ing a n e a t  por t land  cement s l u r r y  of 300- 
' 
Factors  Affect ing Cementing Success. The basic cementing 
opera t ion  usua l ly  involves  tGo p a r t i e s ,  t he  service compahy 
and t h e  w e l l  owner. 
equipment and c a r r i e s . o u t  t h e  owner's i n s t r u c t i o n s .  Pre- 
planning conferecces  are a lways  h e l p f u l  and minimize f o o l i s h  
mistakes. Prior t o  performing t h e  cementing job, depth,  
hole and pipe s i z e ,  bottom hole  s t a t i c  temperature,  d r i l l i n g  
mud p r o p e r t i e s  and hole  condi t ions  are needed. The w e l l  
owner s t i p u l a t e s  where he wants t o  b r ing  t h e  t o p  of  t h e  
cement and usua l ly  i n d i c a t e s  where and how much lost  c i r cu -  
l a t i o n  has been encountered during d r i l l i n g .  
From t h i s ,  o 
pre-f lush to r u n .  
of  composition t o  
t h e  job, should t etr SnJone, t w o  o r  three 
The s e r v i c e  company provides  the  pumping 
ne what type and how much 
ement, what volume and type 
-$ti& w i l l  be requi red  t o  do 
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s t a g e s  and t h e  volume of mixing water and displacement f l u i d  
t h e  w e l l  owner should have a v a i l a b l e  f o r  t h e  job. Wellbore 
e red .  Not o f t e n  is it cr i t ica l  unless  an unusually s m a l l  
annular  space or l o s t  c i r c u l a t i o n  e x i s t s .  
i c a n t l y  a f f e c t  the outcome of the  job are: (See Table 11) 
hydraul ics  during t h e  cementing opera t ion ,  should be consid- id 
I t e m s  t o  be given c r i t i ca l  a t t e n t i o n  which can s i g n i f -  
(1) Hole condi t ions  - weak zones, etc.  
( 2 )  Mud condi t ion  af ter  running cas ing .  
( 3 )  Casing c e n t r a l i z a t i o n  and movement during 
t h e  cementing job. 
( 4 )  Waiting-on-cement t i m e .  
CASING D E S I G N  
The main cons idera t ion  i n  designing a cas ing  program for 
steam w e l l s  is t o  have s u f f i c i e n t  s t r e n g t h  t o  resist longi-  
t u d i n a l ,  t e n s i l e ,  and compressive forces and the  co l l apse  
and bu r s t ing  forces t o  which they may be subjec ted .  It w a s  
noted i n  e a r l y  wells t h a t  collapse o r  t ens ion  failures 
occurred when the cas ing  w a s  n o t  proper ly  cementing i n  the 
hole and t o  t h e  su r face .  It  appeared t h a t  c o l l a p s e  f a i l u r e  
was caused by h e a t  expansion of undisplaced d r i l l i n g  f l u i d  
o r  excess  water t h a t  had separa ted  from the  cement s l u r r y  and 
become confined i n  pockets i n  the annular  space between 
casings.  I n  more r e c e n t  w e l l s ,  f e w e r  f a i l u r e s  have been 
repor ted  i n  completely cemented wellbore, even though thermal 
stresses are bel ieved t o  be very high. Typical cas ing  pro- 
grams used i n  the  steam w e l l s  are shown i n  Figures  4-8. 
of var ious grades of steel  are shown i n  Figure 9 .  However, 
i n  most c a l c u l a t i o n s  t h e  modulus of 30 x 106 is  normally 
used. The modulus of e l a s t i c i t y  f o r  Grades J55, PllO and 
P105 appear8 t o  decrease g l i g h t l y  from room temperature 
through 700 F.  Above 700 F,  t he  modulus decreases  r ap id ly  
f o r  both P105 and P l l O  steels, bu t  it a p p e a r s ' t o  i nc rease  
s l i g h t l y  for  Grade 555. The modulus for the  N80 steel w a s  
shown t o  decrease continuously w i t h  temperature f r o m  a value 
of 27.8 mi l l i on  p s i  a t  room temperature t o  15.7 m i l l i o n  p s i  
a t  900 F. 
The effects of temperature on the  modulus of e l a s t i c i t y  
Casing design cons idera t ion ,  a f t e r  diameter is  selected, 
include [10,161: 
1. U s e  of l o w  t o  moderate s t r e n g t h  steels for  maximum 
r e s i s t a n c e  t o  f l u i d ,  C02,  and gas cor ros ion ,  work 
hardening and poss ib l e  HzS stress cor ros ion  cracking.  
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2. Se lec t ion  of weight and grade by basic tension,  
b u r s t  ( i n t e r n a l  y i e l d )  and collapse c a l c u l a t i o n s ,  
and 
3. U s e  of API But t r e s s  type couplings (or other 
premium coupl ings)  to prevent  f a i l u r e s ,  thermally 
induced stress f i s s u r e s  and, i n  t h e  lat ter case, 
t o  e l imina te  couplinq recesses for  cor ros ion  - - 
pro tec t ion .  
CEMENTING MATERIALS USED I N  GEOTHERMAL 
STEAM WELL COMPLETIONS[9,17,181 
The s e l e c t i o n  of proper  cementing compositions for  s t e a m  
w e l l s  has been researched by var ious  companies, agencies ,  and 
committees. Comprehensive s t u d i e s  on cementing specimens 
a c t u a l l y  stored i n  down hole  steam environments have been 
documented i n  t e c h n i c a l  papers  both i n  the  U.S. and i n  
Europe [19-221. The same basic f ind ings  have been repor ted  
by both independent groups Fn I t a l y  and Ca l i fo rn ia ,  i.e.: 
1. A l l  t h e  s l u r r i e s  examined undergo a r e t r o g r e s s i o n  
of the compressiveostreng&h when temperatures 
inc rease  above 230 F (110 C ) .  
A t  high temperatures,  i n  t h e  range 230°-4000F, 
when cu r ing  t i m e  i nc reases ,  t h e  compressive 
s t r e n g t h  of t h e  s l u r r i e s  r a p i d l y  decreases; only  
the C l a s s  "G" type  cement w i t h  40 percen t  s i l i ca  
showed s u f f i c i e n t  compressive s t r e n g t h  and dura- 
b i l i t y  w i t h  t i m e .  A s  f a r  as mechanical s t r e n g t h  
is concerned, t h i s  mixture i s  the m o s t  s u i t a b l e  for 
the  purpose of t h i s  work. 
2. 
The o t h e r  observa t ions  i n  these  s tud ie s  were noted: 
1. 
c 
A P I o C l a s s  "G" Cement can be used up tb about l7O0F 
(770C), whgreas, a t  h igher  temperatures,  up t o  
600 F (300 C ) ,  it is necessary t o  add a retarder 
depending on the  temperature.  
equal  t o  t h e  f i l t r a t e  of a n e a t  cement s l u r r y  which 
i s  i n  the  area of 1 , 0 0 0  m l  based on the A P I  test. 
The a d d i t i o n  of other products  such as r e t a r d i n g  
agent,  ben ton i t e ,  mica and g i l s o n i t e ,  do no t  affect  
the  f l u i d  loss  very much; f i l t r a t i o n  c o n t r o l  agents ,  
however, 'will reduce f l u i d  loss values  less than  
60 ml. 
2 .  The f l u i d  loss  of t h i s  composi t ion- i s  more or  less 
3 .  The rheo log ica l  c h a r a c t e r i s t i c s  of A P I  C l a s s  "G" 
Cement wi th  s i l i ca  f l o u r  is  n o t  much.d i f fe ren t  
from those of a n e a t  cement s l u r r y ,  and are f u r t h e r  
improved-by t h e  a d d i t i o n  of the r e t a r d i n g  agent  
and/or f r i c t i o n  reducing materials. 
4 .  T h i s  cement-s i l ica  f lour-water  composition is 
capable of reducing t h e  flow of  water found i n  
geothermal w e l l s  and is ideal f o r  the  purpose of 
bonding, s ea l ing ,  and zonal i s o l a t i o n .  
CASING EQUIPMENT USED I N  GEOTHERMAL WELL 
COMPLETION - FIGURE 1 0  
F loa t ing  equipment, cementing plugs,  s t a g e  cementing 
tools ,  c e n t r a l i z e r s ,  and s c r a t c h e r s  are mechanical devices  
commonly used when running cas ing  and i n  t h e  placement of 
cement i n  Geothermal Steam W e l l s  [I].  Table 111. Speci f i -  
c a t i o n s  covering such equipment are limited and variable, 
and s tandards  are p r imar i ly  t h e  r e s p o n s i b i l i t y  of t h e  manu- 
f a c t u r e r .  
F loa t ing  equipment is  commonly used on the l o w e r  s e c t i o n s  
of cas ing  t o  reduce d e r r i c k  stress by allowing t h e  cas ing  t o  
be f l o a t e d  i n t o  p l ace ,  whereas a g u i d e  shoe func t ions  t o  
direct  t h e  cas ing  away from ledges and t o  minimize s idewall  
caving as t h e  cas ing  passes  through devia ted  s e c t i o n s  of the 
hole .  
This equipment i s  run on the  first j o i n t  of cas ing  and 
simply guides the  cas ing  through downhole i r r e g u l a r i t i e s .  
C i r cu la t ion  i s  e s t a b l i s h e d  down the  cas ing  and o u t  the  open 
end of  the  g u i d e s h o e , o r  through side p o r t s  designed t o  
create more a g i t a t i o n  as t h e  cement s l u r r y  i s  c i r c u l a t e d  up 
the annulus. 
Iv, 
Float collars are normally placed one t o  three j o i n t s  
above t h e  f l o a t  or guide shoe i n  t h e  cas ing  s t r i n g  and se rve  
the  same funct ions  as the  f l o a t  shoe. They conta in  a back 
pressure  valve s i m i l a r  t o  the  f loa t  shoe and provide a smooth 
su r face  o r  l a t c h i n g  device f o r  t h e  cementing plugs.  
The spacing between t h e  f l o a t  col lar  and guide shoe 
allows for  entrapment of contaminant cement or mud which 
may r e s u l t  from t h e  wiping a c t i o n  of the  top  cementing 
plug. 
being d isp laced  around the shoe where t h e  b e s t  bond i s  
required.  
when it is d e s i r a b l e  t o  cement t w o  o r  t h r e e  sepa ra t e  s e c t i o n s  
This  spacing also prevents  contaminated cement f r o m  
Mult iple  s t a g e  cementing tools are f o r  those condi t ions  
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behind the same casing s t r i n g  o r  t o  cement a long sec t ion  i n  
t w o  or three s tages .  
Stage cementing i s  used because of l o s t  c i r c u l a t i o n  
zones found during d r i l l i n g  and the p o s s i b i l i t y  of formation 
breakdown r e s u l t i n g  i n  l o s t  c i r c u l a t i o n  f r o m  the  pressure  of 
a dense cement column and/or high displacement rates. Stage 
t o o l s  a r e  i n s t a l l e d  j u s t  above the  l o s t  c i r c u l a t i o n  zone a t  a 
specific po in t  i n  the casing s t r i n g  as cas ing  i s  being run 
i n t o  the hole. 
bottom of the  casing ( the  first stage) the  t o o l  can be opened 
hydrau l i ca l ly  w i t h  either a free f a l l i n g  opening plug dropped 
down the casing or w i t h  a plug pumped down the  casing. When 
opened, f l u i d  can be c i r cu la t ed  through ou t s ide  p o r t s  i n  t he  
too l  body u n t i l  t h e  first stage cement has set. Cement 
c i r c u l a t i o n  is  performed through these ports. 
s l u r r y  displacement has been completed, a c los ing  plug i s  
displaced t o  close a s leeve  over the  side por t s .  
W 
A f t e r  t h e  cement has been placed around t h e  
When cement 
Although t h e  two s t age  method of cementing is  the most 
widely used, a three stage method can be used to  d i s t r i b u t e  
a cementing s l u r r y  over a long column when hole condi t ions  
w i l l  not a l l o w  c i r c u l a t i o n  i n  one or two stages. The three 
s t age  cementing technique employs t h e  same s t e p s  as the  t w o  
s t age  technique except  for one add i t iona l  stage using the 
plug type method i n  the uppermost s t age .  
t he  in t e r f ace  between the  mud and cement i n  the  casing; a 
b o t t o m  plug is  pumped ahead of the cement s l u r r y  [23]. 
When released from i ts  conta iner ,  t he  plug wipes the 
mud from the  casing w a l l  as it moves down the pipe.  When 
this plug reaches the  f l o a t  c o l l a r ,  d i f f e r e n t i a l  p ressure  
ruptures a diaphragm on top of the plug allowing the cement 
s l u r r y  t o  proceed through t h e  plug and f l o a t i n g  equipment 
and up the  annular space between the  p ipe  and hole .  
cementing plug reduces the p o s s i b i l i t y  of contamination or 
channeling w i t h  t he  displacement f l u i d  and r e s u l t s  i n  a 
pressure buildup when landed a t  the f loa t  c o l l a r  or f loa t  
shoe . 
The uniformity of the  cement sheath around the  pipe 
determines t o  a great e x t e n t  t h e  e f f ec t iveness  of t he  seal 
between wellbore and casing.  Since most ho les  are no t  , 
s t r a igh t ,  the pipe w i l l  genera l ly  be i n  con tac t  w i t h  t h e  
w a l l  of the  hole  a t  seve ra l  p laces .  
Cen t ra l i ze r s  have been the  object of much research 
124,251; authors  may d i f f e r  i n  t h e i r  approach t o  t h e  ideal 
cementing job, bu t  t he  one major s ing le  factor t h a t  rece ives  
Cementing plugs are used t o  minimize contamination of 
The top  
t 
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unanimous agreement for  success  i s  t h a t  proper c e n t r a l i z a t i o n  
of cas ing  i s  e s s e n t i a l .  
The design of c e n t r a l i z e r s  v a r i e s  considerably w i t h  
vendors and fo r  d i f f e r e n t  hole app l i ca t ions .  
reason, t he  A P I  S p e c i f i c a t i o n s  [ 2 4 ] ,  as def ined  i n  Standards 
1 0 D ,  i n su re  minimum s t r e n g t h  requirements based on (1) restor- 
ing  force and (2) s t a r t i n g  force. 
For t h i s  
Scra tchers  oz-wall c l e a n e r s  are mechanical c leaning  
devices  t h a t  are attached t o  the  cas ing  t o  remove loose 
f i l t e r  cake f r o m  t h e  wellbore. They are m o s t  effective 
when used during t h e  cement displacement opera t ion .  
cement around t h e  cas ing  where a complete cement seal between 
t h e  pipe and formation i s  e s s e n t i a l .  
c l a s s i f i e d  as: 
Scratchers, l i k e  c e n t r a l i z e r s ,  a id  the  d i s t r i b u t i o n  of 
Casing s c r a t c h e r s  a r e  
1. Those used when t h e  cas ing  is rec iproca ted .  
2 .  Those used when t h e  cas ing  is rotated. 
The r o t a t i n g  scratcher is attached t o  the cas ing  w i t h  
Reciprocated type c l e a n e r s  are also cons t ruc ted  of steel 
the  use of l i m i t  clamps o r . b y  welding. 
w i r e s  or  cables and are i n s t a l l e d  on the casing w i t h  an 
i n t e g r a l  or sepa ra t e  clamping device. 
be set  a t  a p r e c i s e  depth and there is assurance that the 
p ipe  can be rotated. 
is n o t  depth l i m i t a t i o n  in s e t t i n g  cas ing  and the p ipe  can 
be worked up and down after landing. 
Rotat ing s c r a t c h e r s  should be used w h e r e  the pipe must 
Reciprocating scratchers are more effective w h e r e  there 
DISPLACEMENT - THE CRITICAL PERIOD 
While much c u r r e n t  research has been devoted t o  steam 
In  any hole, d r i l l i n g  f l u i d s  receive much 
w e l l  cementing materials, one major area i s  f requent ly  over- 
looked [25-301. 
a t t e n t i o n  u n t i l  t h e  d r i l l i n g  o b j e c t i v e s  are reached. Fil ter 
cake on t h e  wellbore m a k e s  it possible t o  achieve s t a b i l i t y  
p r i o r  t o  the running of cas ing  and pumping cement. %Once t h e  
w e l l  is  completed, t he  mud is  no longer  needed and t h e  
con t ro l l ed  p r o p e r t i e s  during d r i l l i n g  may n o t  be maintained. 
It i s  assumed t h a t  the pumping of cement s l u r r y  automatical ly  
w i l l  d i s p l a c e  a l l  t h e  mud, bu t  t h i s  may n o t  always occur.  
12-10 
Effec t ive  displacement of  d r i l l i n g  f l u i d  by cement i s  
a c r i t i ca l  factor i n  success fu l  completion of any w e l l ,  
p a r t i c u l a r l y  i n  h o t  steam w e l l s .  
are predominantly created by channels of d r i l l i n g  f l u i d  by- 
passed by t h e  cement i n  the  annulus,  These. channels are 
h ighly  dependent upon the d r i l l i n g  f l u i d  v i s c o s i t y  and t h e  
f i l t e r  cake depos i t s  upon t h e  permeable wellbore w a l l .  Any 
t h e o r e t i c a l  or model s tudy may n o t  adequately s imulate  t h e  
removal of or  the t h i x o t r o p i c  c h a r a c t e r i s t i c s  of t h e  mud 
f i l t e r  cake due  t o  t h e  l ack  of dynamic wellbore condi t ions  
i n  the l abora to ry .  Because of t h i s ,  any t h e o r e t i c a l  study 
of t h e  a c t u a l  displacement process  r e q u i r e s  great care i n  
i n t e r p r e t i n g  the  r e s u l t s  , 
Fie ld  experience where cas ing  or  l i n e r  f a i l u r e s  have 
occurred repea ted ly  need close examination. I t e m s  which are 
considered very valuable  i n  diagnosing t h e  problems include:  
Primary cementing f a i l u r e s  
(A) Pump p res su res  a t  t h e  cementing u n i t  throughout 
t h e  job, 
(B) C l o s e  examination of t h e  r e t u r n s  as they  cross t h e  
s h a k e r , p a r t i c u l a r l y  on jobs where cement r e t u r n s  
are expected. 
(C) Conditions of displacement f l u i d .  
(D) Time requi red  t o  mix and d i s p l a c e  t h e  cement, 
A f t e r  repea ted ly  having (1) a loss of  r e t u r n s  and ( 2 )  
subsequent cas ing  or  l i n e r  f a i l u r e s ,  t w o  geothermal ope ra to r s  
decided t o  examine their records i n  an a t t empt  t o  i d e n t i f y  
what might be causing t h e s e  two problems. The m o s t  s i g n i f i -  
can t  and outs tanding i t e m  founc! i n  t h i s  examination was the  
pump pressures  a t  the cementing u n i t  had i n c r e a s e d -  once the  
cement s l u r r y  en te red  t h e  cas ing  or l i ne r -ho le  annulus - t o  
twice or  more what they should have been. 
pressure  exceeded twice t h e  mud c i r c u l a t i n g  pressure  observed 
during d r i l l i n g ,  l o s t  c i r c u l a t i o n  occurred and was seldom 
recovered , 
When t h e  pump 
I f  t h e  pump pressure  increased  less than  t w i c e  t h e  mud 
c i r c u l a t i n g  pressure  and cement r e t u r n s  w e r e  obtained,  l a r g e  
amounts of  rock c u t t i n g s  frorc pea s i z e  t o  marble s i z e  w e r e  
observed c ross ing  t h e  shale shaker .  
Several occurrences of  t r o u b l e  w e r e  recorded i n  obta in-  
i ng  adequate volumes of displacement f l u i d  a t  t he  desired 
rate.  I n  mast of these  cases, the  displacement mud w a s  too 
th i ck  t o  pump, requiring wafer d i l u t i o n  and ag i ta t ior , ,  s l o w -  
ing  t h e  displacement process  dramatically--often r e s u l t i n g  
i n  cement being l e f t  i n  t h e  cas ing  or l i n e r .  
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To e l imina te  or reduce the  occurrences of these  problems, 
the following s t e p s  have been employed and, i f  each is  properly 
used, seldom is  l o s t  c i r c u l a t i o n  encountered and casing or 
l i n e r  f a i l u r e s  from buckling o r  co l lapse  have ceased to  occur: 
(A) A f t e r  reaching T.D., the hole is  c i r cu la t ed  through 
the  d r i l l  s t r i n g  long enough t o  remove from the 
hole  and d r i l l i n g  f l u i d  
might br idge i n  the casing or l iner -hole  annulus. 
c u t t i n g s  l a rge  enough t h a t  
(B) The pump pressure,  mud dens i ty ,  v i scos i ty  and 
temperature are recorded a t  2-3 pump rates. 
(C) Casing running speed should not  exceed 1000 f e e t  
pe r  hour. 
(D)  Break c i r c u l a t i o n  every two hours w h i l e  running 
casing o r  l i n e r  and c i r c u l a t e  for a minimum of 
15 minutes while rec iproca t ing  t h e  casing. 
(E) A f t e r  t he  cas ing  i s  on bottom, condi t ion the mud 
and hole  by c i r c u l a t i n g  and, again,  reciprocate 
the  cas ing  pe r iod ica l ly  such as 15 minutes out of 
every hour. Check t h e  mud v i s c o s i t y  and temperature 
and continue c i r c u l a t i n g  u n t i l  both s t a b i l i z e .  
sure  t o  check f o r  cu t t i ngs  i n  the re tu rns  and t r y  t o  
reduce t o  less than 3%. This process usua l ly  r equ i r e s  
four  or more hours. 
Be 
(F) Determine a maximum pump rate to be observed t o  
keep f r o m  exceeding a pre-determined pump pressure.  
This pump pressure  should no t  exceed t w i c e  t h e  mud 
c i r c u l a t i n g  pressure  during d r i l l i n g .  
TYPICAL GEOTHERMAL CASING CEMENTING 
PROGRAM RECOMMENDATIONS 
1. 
2 .  
3 .  
4 .  
Prepare the  mud and hole for cementing a s ' p rev ious ly  
ind ica t ed  above. 
Mix and pump a viscous spacer  which is compatible with 
both the  mud and the  cement s lu r ry ,  using a volume 
capable of f i l l i n g  a t  least 600-800 f t .  pe r  2000 feet 
of casing-hole annulus. 
viscous and heavier  than the mud, bu t  less viscous 
and l i g h t e r  than the  cement s lu r ry .  
Follow the  spacer with 10 bbls. of f r e sh  water. 
Follow w i t h  20-50 bbls. of FLO-CHEKm hole  conditioning 
agent . 
T h i s  spacer should be more 
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5. 
6.  
7. 
8 .  
9. 
1 0 .  
11 . 
1 2 .  
13 . 
Follow with 5-10 bb l s .  of Fresh Water. 
Drop B o t t o m  Plug i f  one i s  t o  be used. 
Nix and pump cement a t  t h e  correct dens i ty .  
Pump as fas t  as poss ib l e  b u t  keep pump pressure  
b e l o w  pre-determined maximum. 
a uniform rate. 
Release top  plug with 3-5 b b l s .  of  cement s l u r r y  
remaining i n  the  pumps and l i n e s .  Switch t o  mud 
without  s h u t t i n g  down and t r y  t o  maintain a s teady  
pump rate 'throughout t h e  displacement. 
Continue d i sp lac ing  u n t i l  p lug bumps or pump 
p res su re  reaches the  pre-determined maximum. 
It 's easier t o  d r i l l  o u t  cement than it i s  t o  
squeeze t o  r e p a i r  a f a u l t y  or  unsuccessful  
cas ing  cement job, p a r t i c u l a r l y  i f  lost  c i r c u l a t i o n  
is caused by continued pumping a t  too high a pump 
pressure  . 
Check t o  see i f  t h e  f l o a t s  are holding.  
If t h e  f l o a t  f a i l s  t o  hold, close i n  the  cementing 
head, b u t  be s u r e  t h e  pressure  i n s i d e  t h e  cas ing  
does n o t  i nc rease  more than 200 p s i  above e q u a l i z a t i o n  
pressure .  
Try t o  maintain 
Give t h e  cement adequate t i m e  t o  harden, u sua l ly  
18-24 hours. 
The important t h i n g  t o  remember i s  t h a t  displacement 
factors inf luence  t h e  displacement process  i n  a l l  w e l l s ,  
and t h a t  the condi t ion  of the d r i l l i n g  f l u i d  is  d i r e c t l y  
related t o  primary cementing success .  C h a r a c t e r i s t i c s  of 
t h e  mud f i l t e r  cake a r e  dominant parameters a f f e c t i n g  removal 
of t h e  mud. Simply s t a t e d ,  i f  mud loses i t s  f l u i d i t y ,  i .e.,  
it becomes t h i c k  and viscous,  it becomes very d i f f i c u l t  t o  
displace. Annular v e l o c i t y  is  also an important f a c t o r  
a f f e c t i n g  displacement. High flow rates, whether or not  
the  cement is  i n  t u r b u l e n t  flow, provide b e t t e r  displacement 
than plug f l o w  rates. O t h e r  f a c t o r s  t h a t  cannot be over- 
looked a r e  cement rheology and t h e  f l o w  energy of t h e  cement, 
dens i ty  d i f f e r e n c e s ,  c e n t r a l i z a t i o n ,  and pipe movement. I n  
every displacement process  t h e r e  are two major opposing 
forces i n  cement/mud displacement,  namely, a" r e s i s t i n g  fo rce  
( the  immobility of t h e  d r i l l i n g  f l u i d ) ,  and a d i s p l a c i n g  
force (the f l o w  energy of t h e  d i sp lac ing  f l u i d ) .  Displace- 
ment may be improved by e i t h e r  decreasing t h e  immobility of 
the d r i l l i n g  f l u i d  by improving the mud p r o p e r t i e s ,  or  by 
increas ing  the flow energy of the cement. 
. L J  
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TABLE I SUMMARY OF OILWELL CEMENTING ADDITIVES' 
Type of Additive Use Chemical Composition Benefit Type of Cement 
All API Classes 
Pozzolans 
Diacel systems 
Accelerators Reducing WOC time 
Setting surface pipe 
Setting cement plugs 
Combatting lost circulation 
Calaum chloride 
Sodium chloride . 
Gypsum 
Sodium silicate 
Dispersants 
Sea water 
Lignosulfonates 
Organic aads 
CMHEC 
Modified lignosulfonates 
Bentonite-attapulgite 
Gilsonite 
Diatomaceous earth 
Perlite 
Pozzolans 
Accelerated setting 
High early strength 
Retarders Increasing thidening 
time for placement 
Reducing slurry viscosity 
Increased pumping time 
Better flow properties 
API Classes, D.E. 
G. and H 
Pouolans 
Diacel systems 
All APt Classes 
Pozzolans 
Diacel systems 
Lighter weight 
E-Y 
Better fillup 
Lower density 
Weight-reducing 
additives 
Reducing weight 
Combatting lost circulation 
API Classes D. E. 
0. and H 
Heavy-weight additives Combatting high pressure 
Increasing slurry weight 
Hematite 
Ilmenite 
Barite 
Sand 
Dispersants 
Gilsonite 
Walnut hulls 
Cellophane flakes 
Gypsum cement 
Bentonitediesel oil 
Nylon fibers 
Polymers 
Dispersants 
CMHEC 
Latex 
Organic acids 
Polymers 
Sodium chloride 
Lignosulfonates 
Higher density 
Bridged fractures 
Lighter fluid columns 
Squeezed fractured zones 
Minimized lost circulation 
All API Classes 
Pozzolans 
Diacel systems 
Additives for controlling 
lost circulation 
Bridging 
Increasing fillup 
Combatting lost circulation 
All API Classes 
Pozzolans 
Diacel systems 
Filtrationcontrol 
additives 
Squeeze cementing 
Setting bng liners 
Cementing in water- 
sensitive formations 
Reducing hydraulic 
horsepower 
Densifying cement slurries 
for plugging 
Improving flow properties 
Reduced dehydration 
Lower volume of cement 
Better fillup 
Dispersants Thinner slurries 
Decreased fluid bss 
Better mud removal 
Better placement 
All API Classes 
Pozzolans 
Diacel systems 
Special cements or 
additives 
Salt Primary cementing Sodium chloride 
Silicon dioxide 
Paraformaldehyde 
Sc 46 
Silica-lime reactions 
Better bonding to salt, 
shales, sands 
Stabilized strength 
Lower permeability 
Better bonding 
Greater strength 
All API Classes 
All API Classes Silica flour High-temperature cementing 
Neutralizing mud-treating 
chemicals 
Tracing flow patterns 
Locating leaks 
High-temperature cementing 
Mud Kit API Classes A, B. 
C. G. and H 
All API Classes Radioactive 
tracers 
Pozzolan lime 
6 
Lighter weight 
Economy 
Lighter weight 
Higher strength 
Faster setting 
Higher strength 
Faster setting 
Better bonding 
Controlled filtration 
Silica lime 
Gypsum Cement 
High-temperature cementing 
Dealing with special 
conditions 
Dealing with special 
conditions 
Dealing with special 
conditions 
Silica-lime reactions 
Calcium sulfate 
Hemihydrate 
Gypsum with resin Hydromite 
API Classes A, B, 
G, and H 
Latex cement Liquid or powdered 
latex 
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I TABLE II - FACTORS AFFECTING PRIMARY CASING CEMENTING 
& Personnel 
I Well owners responsibility, service company responsibility 
Running time of casing, rate of running casing, fracture gradient, position of collar on landing joint, circulating time 
Drilling Rig Operations 
after running casing 
i 
1 . Drilling Fluid 
~ 
I 
~ Bore Hole 
Composition, weight, viscosity, water loss and filter cake, gel strength, admixes 
I Diameter, depth, straightness, formation characteristics 
I 
1 
I Casing 
O.D. casing versus hole size, depth of casing set versus total depth 
Guiding and ffoatng equipment (shoes, collar), centralizers, scratchers, stage cementing, casing movement 
I 
1 
Special Tools 
. 
(reciprocating vs rotation) 
Cementing Materials 
Slurry volume required (cafiper survey, estimate), type of cement (API classification, admixes), mixing water 
(suppfy, impurities, temperature), slurry weight (volume - cu. ft./sack, volume to be mixed) 
Mixing and Pumping of Cement Slurry 
Piugs (bottom, top, location of top plug, compression of fluid), spacers-flushes (water, special fluid), time (mixing, 
displacement), mixing units (number, type, mixer) 
Cementing Head and Connections 
Swage, qui& change, plug container, opening in head, valves on head, floor manifold 
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TABLE 111 
DIGEST OF CEMENTING EQUIPMENT AND MECHANICAL AIDS' 
Cementing Equlpment 
and Types Appllcatlon Placement 
Floatlng Equlpment 
1. Guide Shoes 
2. Float Collars 
Guides casing into well 
Minimizes derrick strain 
Prevents cement flow back 
Create pressure differentials to 
improve bond 
Catches cementing plugs 
First joint of casing 
1 joint ab06 shoe in wells less 
than 6,000 R 2-3joints above shoe in 
wells greater than 6,000 R 
Automatlc RII-Up 
Equlpment 
1. Float Shoes Same as Float Collars and Shoes 
except fill-up is controlled by 
hydrostatic pressure in annulus 
Same as Float Collars 
or Guide Shoes 
Formation Packer 
Tools 
1. Formation Packer 
2. Formation Packer 
Packer expands to protect First joint of casing 
As hole requirements dictate 
shoes lower zones while cementing 
Collars 
Cementing Stage 
Tools 
2 Stage Based on critical zones and 
3 Stage more sections in separate stages formation fracture gradients 
Full Opening Tools 
Plug Containen 
When required to cement two or 
1. Quick Opening 
2. Continuous 
To hold cementing plugs in 
string until released. 
Top joint of casing at 
surface of well 
Cementing Heads 
Cementing Plugs 
1. Top and Bottom 
Wiper Plugs 
2. Ball Plugs 
3. Latch Down Plugs 
Caslng Centrallzers 
Variable Types 
Mechanical Spacer between Mud and 
cement (bottom plug) and cement and 
displacement fluid (top plug) 
Between well fluids and cement 
Center casing in hole or provide minimum Straight hole-l per joint through 
stand-off to improve distribution of 
cement in annulus, prevent 
differential sticking 
and 200 feet above and below 
pay zones; 1 per 3 joints in 
open hole to be cemented 
Crooked holeVanable 
with deviation 
Scratchers or Wall 
Cleaners 
1. Rotating Remove Mud cake and circulatable 
mud from well bore. 
Aid in creating turbulence 
Improve cement bond 
Place through producing 
formations and 50 to 100 feet above. 
Rotate pipe 15 to 20 RPM 
2. Reciprocating Placement is same as 
rotating Reciprocate pipe 
pipe 10 to 15 feet off bottom 
Reprint from SPE Plonogram 
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FIGURE 1 , 
TYPICAL PRIMARY CEMENTING JOB 
Surface 
casing 
1-Ptug container 
2-Bulk material storage Unit 
Qd 
Job completed Job in progress 
. 
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FIGURE 2 
TYPES'OF LINERS USED IN WELLS u 
FIGURE 3 
Hot water. steam 
CASING BUCKLING OF 
UNSUPPORTED PIPE WITH HEATING" 
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FIGURE 4 
Early Salton Sea Wells 
Conductor Casing 
55-60 Feet 
20"-30" hole or 
18" in 22" hole 
Surface Casing 
290-300 feet 
16"-22" hole or 
13Y~"-l7~h hole 
Intermediate Casing 
1200 - 1700 feet 
lo?"" - 15" hole 
Produc..dn Casing 
4700 - 6000 feet 
5%" - 9%" hole 
7%" - 105/s" hole 
ass A or G Cement 
imes 30% Silica Flour 
API Class A or G Cement 
30% Silica Flour 
Lost Circulation Material 
API Class A or G Cement 
30 - 40% Silica Flour 
0.75% Friction Reducer 
Stage Tool' - 2400 to 3000 feet 
Location based on fracture gradient 
1st and 2nd Stages 
API Class G or E Cement 
40% Silica Flour 
Retarder as needed 
Perlite if needed 
Same material used on both stages 
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FIGURE 5 
Geothermal Steam Well* 
Northern Italy 
With Intermediate String r 
Surface Casing 
17%" - 20" hole 
Set @ 328 feet 
Intermediate Casing 
13%" - 16" hole 
J-55 - 68ppf 
Set @ 13000 - 16OOO feet 
Production Casing 
9%" - 12%" hole 
Set @ 3200 - 4OOO feet 
J-55 - 40 ppf 
Cap Rock t 
8Y2" open hole 
5OOO - 6000 feet 
BHST 530 - 570°F 
Without Intermediate String 
Surface Casing 
17%" - 20" hole 
Set @ 328 feet 
- 1 
No Intermediate String %I .a 
Q 
b .  
P 
Production String 
Set @ 2600 - 3000 feet 
13?h" - 1 6  hole 
J-55 - 68 ppf 
Open Hole 
121/4" 
3000 to 4-5000 feet 
Production Casing Cement 
API Class G Type 
(425 Cement) 
4040% Silica Flour 
plus Retarder 
From advancement in Cementation Techniques in the Italian Geothermal Wells 
by Cigni, Ugo, Fabbri, Fulio, Grovannoni, Anselmo - Larderello, Italy 
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FIGURE 6 
Imperial Valley Wells 
Current 
Note - All slurries should be mixed with 0% free water. 
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FIGURE 7 
Northern California 
Geysers Area 
I 
I 
Conductor Casing 
2 0  - 26" hole 
Set at 100-150 feet 
Surface Casing 
13%" - 17W hole 
Buttress thread 
Set at 2000 - 2500 ft 
K-55 - 61 ppf 
Production Liner 
Buttress thread 
Set at 5OOO - 5800 ft 
9%" - 12%" hole 
36 - 40 ppf 
Open Hole 
8314 to 7000 - 10,000 feet 
BHST 450-525°F 
3% Calcium Chloride 
40% Silica Flour 
2% Calcium Chlolide 
Intermediate 
API Class G Cement 
35% Silica Flour 
Friction Reducer 
Liner - Lead Slurry 
API Class G Cement 
40% Silica Flour 
Friction Reducer 
Tail In Slurry 
API Class G Cement 
40% Siiica Flour 
Friction Reducer 
Retarder 
J. 
Note - Liner top sometimes-squeezed tie back string usually 103?4". 
All slurries mixed with 0% free water. 
Preflushes used on all strings. 
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FIGURE 8 
1 4  
W 
Baja California, Mexico 
anding Well Head 
API Class G Cement 
40% Silica Flour 
Cement Friction Reducer 
40% Silica Flour 
Fluid Loss Agent - Retarder 
Stage Tool - Location based 
on fracture gradient 
Surface Casing Cement Friction Reducer 
13%'' - 17'/2" hole 
Buttress thread 
K-55 - 61 ppf 
PI Class G Cement 
40% Silica Flour 
Intermediate Casing riction Reducer 
9%" - 12%" hole 
Friction Reducer 
7" set in 8V"" hole 
Hydril SEU 
9780 feet 
API Class G Cement 
40% Silica Flour 
Friction Reducer 
Note - Flushes ahead of cement slurry on surface and intermediate strings. 
Lp 
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FIGURE 10 
CASING EQUIPMENT 
CEMENTED CASING STRINGS 
FREL -FALL ME IH< C' 
STAGE CEMWIi4f 
STAB IN FLC'I; EQUIPMENT 
CASING CENTRALIZERS . 
AND SCRATCHERS 
STAGE CEMENTING COLLAR 
AND PACKER COLLAR 
I 
AUTOMATIC FILL UP EQUIPMENT . 
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